TTTT.E OF THE INVENTION 
Heat -Curable Fluoropolyether Rubber Compositions 
and Rubber Articles 



BACKGROUND OF THE I NVENTION 

Field of the Invention 

This invention relates to heat-curable fluoropolyether 
10 rubber compositions which cure into products having good heat 
resistance, chemical resistance, solvent resistance, partrng 
property, water repellency. oil repellency and 
low- temperature properties. 

15 Background Art 

Japanese Patent No. 2,990,646 (JP-A 8-199070) 
discloses a composition comprising (A) a straight -chain 
fluoropolyether compound having at least two alkenyl groups 
in a molecule and a perf luoropolyether structure in the 
20 backbone, (B) an organosilicon compound having at least two 
H-SiOSi structures in a molecule, and (C) a hydrosilylation 
catalyst, which cures into parts having a good profile of 
heat resistance, chemical resistance, solvent resistance, 
parting property, water repellency. oil repellency and 
25 low- temperature properties. 

However, when the crosslinking method applied to the 
fluoropolyether composition is a catalytic reaction like 
hydrosilylating reaction, there is a possibility of catalyst 
poisoning to inhibit curing. Catalyst poisons in the 
30 hydrosilylating reaction include sulfur compounds and amines, 
which are frequently employed as additives to customary 
synthetic rubbers. If the fluoropolyether composition is 
worked on the same rolls or molds as used in the processing 
of such other synthetic rubbers, there is a possibility that 
35 the composition fail to cure on account of the catalyst 
poisons left on the rolls or molds. 
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SUMMARY OF THE INVENTION 
Therefore, an object of the invention is to provide 
f luoropolyether rubber compositions which avoid cure 
inhibition by catalyst poisons and are improved in heat 
5 resistance, chemical resistance, solvent resistance, parting 
property, water repellency, oil repellency and 
low-temperature properties. Another object is to provide 
rubber articles made therefrom. 

It has been found that when the crosslinking method 
10 for a f luoropolyether rubber composition is switched from 

hydrosilylating catalytic reaction to radical reaction using 
organic peroxides, the f luoropolyether rubber composition is 
freed from cure inhibition by catalyst poisons and its cured 
rubber parts have improved properties including heat 
15 resistance, chemical resistance, solvent resistance, parting 
property, water repellency, oil repellency and 
low- temperature properties . 

The present invention provides a heat -curable 
f luoropolyether rubber composition comprising 
20 (A) 100 parts by weight of a straight -chain 

perf luoropolyether compound having at least two alkenyl 
groups in a molecule, 

(B) 1 to 100 parts by weight of a reinforcing filler, 

and 

25 (C) 0.1 to 5 parts by weight of an organic peroxide. 

The crosslinking method to be applied to the composition is 
switched from the hydrosilylating catalytic reaction which 
has been employed for such f luoropolyether rubber 
compositions to radical reaction using organic peroxides. 

30 Then the f luoropolyether rubber composition is freed from 
cure inhibition by catalyst poisons and cures into rubber 
parts having improved properties including heat resistance, 
chemical resistance, solvent resistance, parting property, 
water repellency, oil repellency and low- temperature 

35 properties. 
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Also contemplated herein is a rubber article 
comprising the curable f luoropolyether rubber composition in 
the cured state. 



5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Component (A) of the heat -curable f luoropolyether 
rubber composition according to the invention is a 
straight -chain f luoropolyether compound having at least two 
alkenyl groups in a molecule and a divalent perf luoroalkyl 
10 ether structure in the backbone. 

The perf luoroalkyl ether structures include, for 
example, those of the following general formula (2): 

-(Rf-O),- (2) 

wherein Rf is a straight or branched perf luoroalkylene group 
of 1 to 6 carbon atoms, preferably 1 to 3 carbon atoms, and 
letter q is an integer of 1 to 500, preferably 2 to 400, more 
preferably 10 to 200 . 
20 Examples of the recurring units -(Rf-O)- are shown 

below. 

-CF 2 0-, -CF 2 CF 2 0-, -CF 2 CF 2 CF 2 0- , 
-CF(CF 3 )CF 2 0- , -CF 2 CF 2 CF 2 CF 2 0- , 
-CF 2 CF 2 CF 2 CF 2 CF 2 CF 2 0- , and -C(CF 3 ) 2 0-. 
25 Of these, -CF 2 0- , -CF 2 CF 2 0- , -CF 2 CF 2 CF 2 0- , and -CF(CF 3 )CF 2 0- are 
preferred. It is understood that the perf luoroalkyl ether 
structure may consist of recurring units -(Rf-O)- of one type 
or recurring units of two or more types. 

The alkenyl groups in the straight -chain 
30 f luoropolyether compound (A) are preferably those groups 

having 2 to 8 carbon atoms, especially 2 to 6 carbon atoms, 
and terminated with a CH 2 =CH- structure, for example, vinyl, 
allyl, propenyl, isopropenyl, butenyl, and hexenyl. Of 
these, vinyl and allyl are preferred. 
35 Typical of the straight -chain perf luoropolyether 

compound (A) are those having the following general formula 
(1) : 
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Y2 lJD^TnT{ o ~ CF2 ~?~) o ~ (CF2)ro { r~ CF2_o Yf F TrCJl Ys 

XjO CF 3 \ CF 3 / m \CF 3 ACFjO X 2 

(1) 

wherein X 1 and X 2 each are hydrogen, methyl, phenyl or allyl, 
at least two of Y x , Y 2 , Y 3 , Y 4 , Y 5 and Y 6 are alkenyl groups, 
the remaining Y groups are substituted or unsubstituted 
5 monovalent hydrocarbon groups, letter r is an integer of 2 to 
6, m and n each are an integer of 0 to 200, and the sum of 
m+n is 0 to 400. 

Desirably the straight -chain f luoropolyether compounds 
of formula (1) have a number average molecular weight of 
10 about 400 to 100,000 and more preferably about 5,000 to 
25,000. 

The straight -chain f luoropolyether compound of formula 
(1) preferably has an alkenyl content of 0.002 to 0.3 mol/100 
g, and more preferably 0.008 to 0.12 mol/100 g. If the 

15 alkenyl content is less than 0.002 mol per 100 g of the 

straight -chain f luoropolyether compound, it may undesirably 
lead to a lower degree of crosslinkage and under-cure. An 
alkenyl content of more than 0.3 mol/100 g is undesirable 
because the mechanical properties as rubber elastomers of 

20 cured parts may be degraded. 

Specific examples of the straight -chain 
f luoropolyether compound of formula (1) are given below. 
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H 2 C=Hf ' CH=CH 2 

C=HC-Si ) — v / \ / \ / — y Si— CH= 

Uv/T r i F T °" CFr f F i °" (CF2) r °f P" CFr °t p~ rrw U 

X,0 CF 3 \ CF 3 / m \CF 3 / n CF 3 0 X 2 



H 2 C=H^ 



H 9 C=HC-Si / — 



I 

H 2 C=HC 



0~ r r i F Y°~ CF2 " pY °" (CF2) r °f p~ CF2 ~ ° V p~ it rCJ 

X, O CF 3 \ CF 3 / m \ CF 3 / n CF 3 O X 2 



CH= CH 2 
I 

=v-Si~CH=CH 2 



I 



CH=CH 2 
I 



H 2 C=H^ 

H 2 C=HC-Si J — v / \ /x / — \ Si— CH= CH 2 

h 2 c=h!: v>rrrT o " CF2 ^ F T o " (CF2)r T^ ch= CH2 

\CF 3 / n CF 3 0 X 2 




Note that letter r is an integer of 2 to 6 and m+n is an 
integer of 0 to 400. 
5 These straight -chain f luoropolyether compounds may be 

used alone or in admixture as component (A) . 

Component (B) is a reinforcing filler. The reinforcing 
filler is added for the purposes of improving roll 
workability, mechanical strength, thermal stability, weather 
10 resistance, chemical resistance, flame retardance and the 

like, suppressing thermal shrinkage upon curing, reducing the 
coefficient of thermal expansion and gas permeability of 
elastomers obtained by curing, or the like. 

Examples of suitable reinforcing fillers include fumed 
15 silica, colloidal silica, diatomaceous earth, quartz flour. 
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glass fibers, carbon black, metal oxides such as iron oxide, 
titanium oxide and cerium oxide, and metal carbonates such as 
calcium carbonate and magnesium carbonate. These fillers may 
have been treated with surface treating agents. Of these, 
5 fumed silica and carbon black are preferred for mechanical 
strength. Most preferred is fumed silica which has been 
treated with a surface treating agent containing silicon in a 
molecule, typically a silane for improving dispersibility . 

Suitable surface treating agents for fumed silica are 

10 hydrophibizing agents. Typical hydrophibizing agents include 
silicon compounds having a hydrolyzable group, for example, 
organochlorosilanes such as dimethyldichlorosilane and 
trimethylchlorosilane , silazane compounds such as 
hexamethyldisilazane , and cyclic silazane compounds such as 

15 hexamethylcyclotrisilazane . It is especially preferred to 
use hexamethyldisilazane as the hydrophibizing agent. 

Hydrophobized silica should preferably have a specific 
surface area of at least 50 m 2 /g for the purpose of improving 
mechanical properties. Also it should preferably have a 

20 specific surface area of up to 300 m 2 /g because otherwise 

compounding of silica into a composition may become difficult 
due to a viscosity build-up. 

The amount of the reinforcing filler included is 1 to 
100 parts by weight and preferably 10 to 30 parts by weight 

25 per 100 parts by weight of component (A). With less than 1 

pbw, the filler may fail to achieve the reinforcement effect. 
More than 100 pbw of the reinforcing filler is difficult to 
incorporate it into a composition due to a substantial 
viscosity build-up. 

30 Component (C) is an organic peroxide. Examples include 

dibenzoyl peroxide, dicumyl peroxide, di-t-butyl peroxide, 
t-butyl peroxyacetate , t-butyl peroxybenzoate , 

2 . 5- dimethyl-2 , 5-bis- t-butyl peroxyhexane , 
t-butylperoxy isopropyl monocarbonate , 

35 t-butylperoxy 2-ethylhexyl monocarbonate, 

1.6- hexane diol bis- t-butylperoxy carbonate, etc. Of these, 
2 , 5-dimethyl-2 , 5-bis- t-butyl peroxyhexane, 
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t-butylperoxy isopropyl monocarbonate , 
t-butylperoxy 2-ethylhexyl monocarbonate, and 

1,6-hexane diol bis -t-butylperoxy carbonate are preferred for 
crosslinking efficiency, storage stability and scorch 
5 retardation. 

The amount of the organic peroxide included is an 
amount sufficient for component (A) to cure, and specifically 
0.1 to 5 parts by weight and preferably 0.5 to 3 parts by 
weight per 100 parts by weight of component (A) . Less than 

10 0.1 pbw of the organic peroxide may lead to insufficient or 
slow crosslinking. More than 5 pbw of the organic peroxide 
may adversely affect physical properties. 

In addition to components (A) to (C), the inventive 
composition may further include any of well-known additives, 

15 for example, internal mold release agents, wetters, colorants 
(e.g., pigments and dyes) and antioxidants, for the purpose 
of enhancing the practical usage of the composition. These 
additives are used in such amounts that the objects of the 
invention are not impaired. 

20 With respect to the form of the inventive composition, 

it may be formulated, depending on a particular application, 
either as one-part type in which all essential components (A) 
to (C) are handled as a single composition, or as two-part 
type in which components (A) and (B) are combined to form a 

25 first package and component (C) as a second package is 
admixed therewith on use. The method of preparing the 
inventive composition is not particularly limited. The 
composition can be prepared simply by admixing the essential 
and optional components. 

30 The composition thus obtained should preferably have a 

viscosity of 5 to 5,000 Pa-s at 25° C, more preferably 100 to 
2,000 Pa*s at 25° C, as measured according to JIS K7117. Too 
high or too low a viscosity may lead to poor moldability. 
With respect to the curing conditions for the 

35 inventive composition, primary curing is preferably performed 
at 100 to 200° C for about 1 to 30 minutes. Temperatures 
below 100° C need a longer curing time, which may lead to a 
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lowering of industrial productivity. Temperatures above 
200° C have the risk of scorching. Thus the curing 
temperature is preferably in the range of 100 to 200° C and 
more preferably 120 to 170° C. At a temperature within the 
5 range, the curing time may be selected as appropriate so that 
crosslinking reaction is completed. For stabilizing the 
physical properties of the composition, secondary curing is 
preferably performed by heat treatment at 100 to 230° C for 
about 1 to 24 hours. For the secondary curing, temperatures 

10 below 100° C are less effective whereas temperatures above 
230° C may incur thermal degradation. Heat treatment at 150 
to 200° C for about 1 to 20 hours is more preferred for the 
secondary curing. 

The inventive compositions and rubber articles made 

15 thereof can be used in a variety of applications. Because of 
high fluorine contents, they have excellent solvent 
resistance and chemical resistance as well as low moisture 
permeability. Because of low surface energy, they have 
excellent parting properties and water repellency. Typically 

20 they are used as automotive rubber parts where oil resistance 
is required. 

Rubber articles made of the cured composition of the 
invention include, but are not limited to, 

rubber parts for automobiles, for example, diaphragms 
25 such as fuel regulator diaphragms, pulsation damper 
diaphragms, oil pressure switch diaphragms, and EGR 
diaphragms, valves such as canister valves and power control 
valves, O-rings such as quick connector O-rings and injector 
O-rings, and seals such as oil seals and cylinder head 
30 gaskets; 

rubber parts for chemical plants, for example, pump 
diaphragms, valves, O-rings, packings, oil seals, and 
gaskets ; 

rubber parts for ink jet printers and semiconductor 
35 manufacturing lines, for example, diaphragms, valves, 
O-rings, packings, and gaskets; 
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rubber parts for analytical and scientific instruments 
and medical equipment, for example, pump diaphragms, O-rings, 
packings, valves, and joints; 

tent film materials, sealants, molded parts, extruded 
5 parts, coatings, copier roll materials, electrical 

moisture-proof coatings, sensor potting materials, fuel cell 
seals, and laminate rubber fabrics; and 

rubber parts for aircraft, for example, O-rings, face 
seals, packings, gaskets, diaphragms, and valves in fluid 
10 piping for engine oil, jet fuel, hydraulic oil and Skydrol®. 



EXAMPLE 

Examples of the invention are given below by way of 
illustration and not by way of limitation. All parts are by 
15 weight. 

The materials used in Examples are identified below. 
Polymer . 1 

a polymer compound having formula (3), 

viscosity 1180 Pa*s, vinyl content 0.037 mol/100 g 

H 2 C=HC CH= CH 2 

H 2 C=HC-Si i — y /x / v /=v-Si— CH=CH 2 

H 2 C= H i: V>rr? F T°" CF2 "f F 7 °-< CF ^r0f CF-CF 2 -oA-CF-C-N-^ 
X,0 CF 3 \ CF 3 / m \CF 3 / n CF 3 OX 2 

(3) 

20 Polymer 2 

a polymer compound having formula (4), 

viscosity 920 Pa*s, vinyl content 0.013 mol/100 g 

CH 3 CH 3 
H 2 C=HC-Si-y=y /x , v ^ = ^Si-CH=CH 2 

cHk>rrn °" cF2 "f 7 o - (cF ^- o ff F - cF ^ o tr"rv"^ U 

X x O CF 3 \ CF 3 / m \CF 3 / n CF 3 0 X 2 

(4) 

Filler 1 

R8200 (trade name, Nippon Aerosil Co., Ltd.), 
25 fumed silica surface treated with hexamethyldisilazane 

Filler 2 

Denka Black FX-35 (trade name, Denki Kagaku Kogyo K.K.), 
carbon black 
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Organic Peroxide 

Perbutyl BH-45 (trade name, NOF Corp.), 1,6-hexane diol 
bis- t-butylperoxy carbonate 



Examples 1-5 

A reinforcing filler was added to a polymer or a 
mixture of polymers in accordance with the formulation shown 
in Table 1. They were mixed, heat treated and milled on a 

10 three-roll mill, forming a base compound. An organic 

peroxide was added to the base compound in accordance with 
the formulation shown in Table 1, forming a composition. The 
composition was deaerated in vacuum, admitted into a 
rectangular frame of 2 mm high, deaerated again, and press 

15 cured at 100 kg/cm 2 and 150° C for 10 minutes. Test specimens 
were cut out of the cured sample and measured for rubber 
physical properties in accordance with JIS K6251 and K6253. 
The results are also shown in Table 1 . 

20 Comparative Example 1 

A reinforcing filler was added to a polymer in 
accordance with the formulation shown in Table 1. They were 
mixed, heat treated and milled on a three-roll mill, forming 
a base compound. To the base compound were added 0.2 part of 

25 a toluene solution of a catalyst comprising chloroplatinic 
acid modified with a compound of formula (5) (platinum 
concentration 0.5 wt%), 0.2 part of a 50% toluene solution of 
ethynyl cyclohexanol and 2.17 parts of an SiH group-bearing 
organosilicon compound of formula (6). They were uniformly 

30 mixed to form a curable f luoropolyether rubber composition. 

This composition was cured by the same process as in Examples 
1-5. Test specimens cut out of the cured sample were 
measured for rubber physical properties in accordance with 
JIS K6251 and K6253. The results are also shown in Table 1. 
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CH 3 CH 3 
I 3 I 

CH 2 =CHSi— O— SiCH=CH 2 (5) 
II 
CH 3 CH 3 



CH 3 

SiCH 2 CH 2 (CF 2 ) 6 CH 2 CH 2 Si-(-OSi— H 1 (6) 




CH 3 



Table 1 



Formulation 
(pbw) 


Example 


Comparative 
Example 


1 


2 


3 


4 


5 


1 


A 


Polymer 1 


100 




75 


50 


50 


100 


Polymer 2 




100 


25 


50 


50 




Vinyl content 
(mol/100 g) 


0.037 


0.013 








0.037 


B 


Filler 1 


20 


20 


20 


20 


20 


20 


Filler 2 










0.25 


0.25 


C 


Organic Peroxide 


1. 19 


1.19 


1.19 


1.19 


1.19 




Rubber 
physical 
properties 


Hardness 
(Durometer A) 


80 


30 


78 


72 


69 


65 


Tensile strength 
(MPa) 


4.8 


2.6 


5.1 


5.3 


5.1 


3.4 


Elongation (%) 


80 


390 


90 


120 


130 


130 



5 

A comparison of Example 1 with Example 2 reveals that 
a polymer having a higher vinyl content cures into a rubber 
having a higher hardness. 

10 Example 6 

The test specimen of Example 5 shown in Table 1 was 
examined for heat resistance in air. The specimen was heated 
in air at 204° C for 1,000 hours, during which period physical 
properties were determined at intervals. The results are 

15 shown in Table 2. 
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Comparative Example 2 

The test specimen of Comparative Example 1 shown in 
Table 1 was examined for heat resistance in air as in Example 
6. The results are also shown in Table 2. 

5 

Table 2 





Example 6 


Comparative Example 2 


Heating 
time 


Hardness 
(Durometer A) 


Tensile 
strength 
(MPa) 


Elongation 
(%) 


Hardness 
(Durometer A) 


Tensile 
strength 
(MPa) 


Elongation 
(%) 


Initial 


69 


5.1 


130 


65 


3.4 


130 


125 hr 


69(0) 


4.7(-8) 


100( -23) 


67(+2) 


3.4(0) 


110( -15) 


250 hr 


68(-l) 


4.7(-8) 


100(-23) 


66(+l) 


3.2(-6) 


90( -31) 


500 hr 


70(+l) 


4.3( -16) 


90( -31) 


67(+2) 


3.2(-6) 


90(-31) 


1000 hr 


70(+l) 


4.3(-16) 


80( -38) 


67(+2) 


3.1{-12) 


90( -31) 



In Table 2, the values in parentheses indicate an 
10 increase/decrease of Durometer A units for hardness and a 
percent increase/decrease for tensile strength and 
elongation . 

With respect to the change of rubber physical 
properties by heat aging at 204° C for 1,000 hours, there is 

15 no substantial difference between Example 6 wherein the 
crosslinking method is radical reaction using an organic 
peroxide and Comparative Example 2 wherein the crosslinking 
method is hydrosilylating catalytic reaction. 

There have been described heat -curable f luoropolyether 

20 rubber compositions which avoid cure inhibition by catalyst 

poisons because they are crosslinked through radical reaction 
using organic peroxides. 

Japanese Patent Application No. 2003-060001 is 
incorporated herein by reference. 

25 Although some preferred embodiments have been 

described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to 
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be understood that the invention may be practiced otherwise 
than as specifically described without departing from the 
scope of the appended claims . 



-13- 



